Waterfowl is useful and profitable for the production of meat, table eggs, fatty liver, feather and down and also useful for exhibition. The Grelag goose (Anser anser) of Europe and Asia is ancestral to the domestic breeds of western origin. The swan goose (Anser Cygnoides) of Asia is the likely ancestor of eastern breeds (Crawford, 1990) . Two duck genera and their hybrid are used : Muscovy duck (Cairina moschata) and common duck (Anas platyrynchos). The infertile hybrid mule duck is the progeny of mating Muscovy drake and common duck female. Tai et al. (1999) presented recently the production systems and economical characters of waterfowl and Wezyk (1999) discussed current problems of waterfowl genetics and breeding. Comprehensive review and discussion about genetics of growth and meat production, of egg production and reproduction, could be dated back to Pingel (1990a, b). In the last decade, new researches got achievements, especially to improve the Brown Tsaiya laying duck, the intergeneric crossbreeding in duck, the meat ducks Pekin and Muscovy, the goose reproduction ability and the meat and fatty liver productions in geese and ducks. This paper describes recent works, a review and discussion based on the available information are also presented.
INTRODUCTION
population by restricted maximum likelihood (REML) applied to a multiple trait animal model based on data of the first five generations of selection. Heritabilities were found to be low (0.09, 0.11, 0.12, 0.16, 0.17, 0.19 and 0.20) for ES40, ES30, EN52, EN40, FL20, EYW40 and AGE1EGG, to medium (0.33, 0.35, 0.42 and 0.50) for EW40, EW30, BW20 and BW40. The pattern of the genetic correlations for the traits to be selected showed that EN52 was highly positively correlated with EN40 (rg=0.95), uncorrelated with the body weight and was negatively correlated with egg weights and egg shell strength traits. Egg weights, body weights and eggshell strength traits were positively genetically correlated among themselves. These results suggested that a linear selection index for EN52 with constraints for EW40, BW40 and ES40 could be an efficient tool for improving the efficiency of egg production. Cheng et al. (1996) was used : I = a 0 x GEW40(g) + a 1 x GBW40(g) + a 2 x GES40(kg/cm 2 )+ a 3 x GEN52(eggs) where GEW40, GBW40, GES40, and GEN52 were the MT-BLUP animal model predictors of the breeding values of EW40, BW40, ES40 and EN52, respectively. The coefficients a 0, a 1, a 2, and a 3 were calculated with constraints of 0.0 g, 0.0 g and 0.013 kg/cm 2 for expected genetic gains in EW40, BW40 and ES40 respectively and maximum gain in EN52 (with a selection intensity i=1). After three generations of selection, the average predicted genetic improvement per generation in the females were ∆ EW40=+0.18g, BW40=+10.7g, ES40=+0.055kg/cm 2 and EN52=+3.6 eggs. For ES40 and EN52, it represented respectively 25% and 37% of the
additive genetic standard deviation of these traits. These results indicated that selection of laying Brown Tsaiya by a restricted genetic selection index and with MT-BLUP animal model could have favorable effects for egg shell strength and egg number.
BREEDING FOR INCREASED DURATION OF FERTILITY
Genetic parameters of duration of fertility. The application of artificial insemination (AI) has successfully improved the reproductive efficiency of ducks bred to produce mules in the last decade (Tai, 1985 ; Rouvier et al., 1987) . Unfortunately, owing to the short duration of fertility in that intergeneric crossbreeding, AI has to be practiced twice a week in order to maintain the fertility rate. It was useful to determine whether genetic selection for duration of fertility would be possible in order to reduce the number of AI required. Thus a selection experiment on the number of fertile eggs of Brown Tsaiya after a single AI with pooled Muscovy semen has been conducted since 1992 at Taiwan Livestock Research Institute, Hsinhua, Tainan, with a selected (S) and a non-selected control (C) lines (Cheng, 1995) . Poivey et al. (2001) estimated the genetic parameters in the base population by REML with an animal model and from the data of the first five generations of selection. The traits measured were the number of eggs set laid from Day 2 to 15 after one AI (Ie), the number of fertile eggs at candling (F) at 7 th day after egg set, the total number of dead embryos (M), the maximum duration of fertility (Dm) from the 2 nd day after AI up to the last fertile egg, and the number of hatched mule ducklings (H). The pooled data for each of S and C lines were analyzed separately from G1 up to G6. Estimates of the heritabilities and genetic correlations from the two lines were very similar. Heritabilities were 0.14 and 0.10 for Ie, 0. Figure 1 ) and hatchability rates. For days 2-8 after AI, the fertility rates (F/Ie) were 89.2% and 63.2%, the hatchability rates (H/F) were 72.5% and 70.6% and H/Ie were 64.7% and 45.1% in the S and C lines respectively. The selection objective should be to reach the stage of a single insemination per week of the ducks once a week instead of twice a week. In addition, these two lines could be a good genetic experimental material to investigate DNA markers of duck fertility. 
SELECTION OF MEAT DUCKS
Most of duck meat is produced by the heavy ducks Pekin, Muscovy and mule ducks. "Pekin duck" appeared in the Chinese literature in Ming Dynasty, it became one of the common duck breeds at least 400 years ago. It was introduced into USA and Europe, where some Pekin lines were bred in mid 20 th century. Muscovy was selected in France. That country has the highest duck production in Europe, based on Muscovy and "mulards". However, most of meat duck was produced in Asia and the highest production of ducks per capita was found in Taiwan. Taiwan is a subtropical island. Most of the duck houses in Taiwan are open (only with a roof) or in semi-confinement (with roof and uninsulated sidewall), and the most popular table duck is mule duck (75-80%). Body weight and feed efficiency. Pingel (1990a) reported heritabilities of body weight at slaughter age in Pekin and Muscovy ducks. In the Pekin duck, Pingel (1999) showed that the selection to improve food efficiency could be efficient and had correlated response towards decreased fatness. By using new methodology, Mignon-Grasteau et al. (1998) estimated heritabilities for males and females, in a selected Muscovy duck line in France, at 0.40 and 0.51 for body weight at 6 weeks. Hu et al. (1999) got estimates at 0.24 and 0.31, for body weight at 10 weeks of age in a selected Muscovy line in DRC. Body weights at fixed age in males and females should better be considered as different traits. Tai and Rouvier (1998) , by the analysis of a factorial crossbreeding experiment between Muscovy and Pekin, showed the evidence of a contribution from the Muscovy female duck towards increasing the body weight sexual dimorphism in ducks. Hu et al. (1999) reported genetic parameters and genetic trends for body weights at given age in Muscovy ducks selected in DRC, Taiwan, for eight generations. Body weight at market age had been effectively improved. The Muscovy duck reached 4.3 kg at 12 weeks of age with a feed conversion ratio of 2.7 in the pure line in DRC.
Laying performance. In Pekin duck, the heritabilities of egg number based upon the sire, dam within sire or sire+dam variance components reported by Pingel (1990b) ranged from 0.17 to 0.42. Genetic correlations between egg production and body weight at six weeks of age in different Pekin lines ranged from 0.09 to -0.42. Using the method of multi-trait REML with an animal model, the heritability estimates for laying performance in Muscovy duck showed moderate values (from 0.20 to 0.27) (Hu et al., 2002) . Body weight at 10 and 18 weeks of age seemed to be moderately genetically antagonistic with the laying traits (genetic correlations from -0.20 to -0.70). However, the cumulated predicted genetic gains, after seven generations of selection were found positive for egg numbers (from 0.07 to 0.25 σ g ). This could be explained by unintentional selection differential on the egg production traits. Mule duck plumage color. In Taiwan, since 17 th century, farmers used black Muscovy drakes with Brown Tsaiya female ducks as parental stocks to produce mule ducks until mid 20 th century (Chou and Huang, 1970) . One White Tsaiya line and one Pekin line were created in DRC in 1970s. They are the grandparent stocks of white mule duck. Late, the mule duck has been produced in three way crossbreeding [white Muscovy drake x Kaiya (Pekin drake and White Tsaiya)]. In general, the female parent stock was either Kaiya, or Kaiya graded with Pekin drake. Since 1975 a criterion of fifteen color levels of mule ducklings' down was used to select White Tsaiya duck. The realized heritability of white mule duck's plumage color estimated from 1975 to 1983 by Huang (1985) was 0.38. The selection of White Tsaiya has reached its goal with 99.5% to 99.9% of mule duck below or equal to grade 7, which is the bottom level accepted by the farmer (Lee and Kang, 1997) . Reproduction traits. In order to explain the low fertility rate in the intergeneric crossbreeding, researches were undertaken to identify true fertility and very early embryonic mortality (Hu et al., 1997) .
GEESE GENETICS
In Taiwan, Yeh et al. (1999) reported a selection program for growth and egg production in White Roman geese. Age and body weight at first egg were 275 days and 5.33 kg. Egg number at first and second laying were 35.1 and 44.3. Estimates of heritability of age at first egg, body weight at first egg, and egg number in first and second laying were 0.26, 0.18, 0.06 and 0.24, respectively. The geese are characterised by a seasonal laying, a short duration of laying cycle, and low laying intensity with a maximum of 50%. One possibility was to select for egg number. Another approach could be to prolong the laying period by manipulating photoschedule and using light program with short days (Rosinski et al., 1996 ; Sellier and Rousselot-Pailley, 1999) , which necessitates to keep animals in windowless buildings, and to select to get rid of seasonal laying. The comparison of the possibilities necessitated to estimate the genetic parameters of the laying and gosling production traits in the two reproduction systems (Delaunay, 2000) . In first laying cycles of a Landaise geese strain bred in outdoor system and natural mating at the Station Expérimentale des Palmipèdes à foie gras (INRA Artiguères Experimental Station), the heritabilities of egg number, laying duration and number of goslings were 0.41, 0.38 and 0.07, respectively. The goose weight was 5950g, the average egg number in the first laying cycle was 37.8 and the laying duration was 92.3 days. The selection to increase egg number seems to be possible but it would be difficult to improve the number of goslings. Genetic parameters estimated in a white plumage goose breeding stock managed with short day light and artificial insemination (AI) were h 2 =0.49 for egg number, h 2 =0.25 for gosling number, with a genetic correlation between the two traits of 0.38 and h 2 =0.57 for laying duration. The average goose weight was 5626g, age at first egg 281.7 days, egg number 72 eggs and laying duration 156.2 days. Selection to increase laying duration and gosling production seems feasible under these conditions. In an experimental strain of White plumage geese bred at Artiguères Experimental Station, two experiments were carried out to estimate the genetic parameters for growth, body measurements, carcass composition traits in non overfed animals, and genetic parameters for growth and fatty liver formation in overfed animals (Larzul et al., 2000) . Breast meat is the most valuable carcass part. In non overfed animals slaughtered at 11 weeks of age, pectoralis major muscle ratio over carcass weight was highly heritable (h 2 =0.75) and could be selected.
FATTY LIVER OF DUCKS AND GEESE
Geese of both sexes, male Muscovy and mule ducks are used to produce fatty liver and meat. When they are overfed with corn, the liver lipogenesis increases. The in situ synthetized fatty acids are discharged as lipoproteins in the blood to give extrahepatic fattening. The not secreted fatty acids accumulate in the hepatic cells to produce fatty liver. There was no evidence of stress connected with overfeeding. The physiological mechanism is reversible. Conventional selection index (Rouvier et al., 1982a, b) used in Landaise and Grey geese of the south west of France and crossbreeding between selected strains proved to be successful to increase the fatty liver weight and improve its technological quality in these grey plumage geese (Rouvier et al., 1992) . Larzul et al. (2000) found an heritability value of 0.59 of liver weight in overfed white plumage geese. In France, mule ducks are grown and overfed to produce "magret" (breast muscle with skin and subcutaneous fat of overfed animals) and fatty liver. Poujardieu et al. (1994) estimated genetic parameters of growth and overfeeding traits of mule ducks in the Pekin dam population. When overfed the Pekin duck did not produce fatty liver. The overfed Muscovy produce fatty liver for which the heritability was found to be 0.39 (Mignon-Grasteau et al., 1998) . Overfed mule ducks were giving heavier fatty liver than Muscovy. In order to optimise the breeding plans, genetic parameters of mule duck traits in both parent population (Muscovy and common duck), the genetic correlations between pure animals and the mule duck for the traits of interest should be estimated.
BIOTECHNOLOGY AND GENETIC MARKER RESEARCH
Biotechnology. Avian primordial germ cells (PGCs) originate in the epiblast and appear in the hypoblast of the area pellucida of developing embryos. The PGCs then enter the blood stream and migrate to the gonadal ridge. This unique migration process of avian PGCs provides the chance for in vitro manipulation of PGCs. Taiwan Livestock Research Institute, in cooperation with National Cheng Kung University, has undergone a project for the production of germline chimera duck by the transfer of PGCs between different duck breeds. Some ducklings have been successfully obtained from the reciprocal transfers of PGCs between Muscovy and Brown Tsaiya duck embryos. One Muscovy male which has been injected with the PGCs of Brown Tsaiya produced some ducklings of Brown Tsaiya when it was artificially mated with the female of Brown Tsaiya. Then, the germ line chimera between different genus is possible, although the chimera percentage was very low.
Genetic marker. Detection of quantitative trait loci (QTL) by the closely linked DNA markers could improve the efficiency of selective breeding, especially for the traits that can only be measured in one sex. It is difficult and time consuming to measure disease resistance traits. DNA markers mapping is a basic tool. Vignal et al. (1999) used chicken cytogenetic markers in heterologous FISH (Fluorescent In situ Hybridation) experiment on duck metaphases, that will help future prediction of gene location in duck. Chang et al. (2000) indicated that the polymorphism of the oestrogen receptor gene in ducks were similar to those observed in pigs. In order to identify the homology of oestrogen receptor gene between duck and pig, DNA sequencing needs to be done. Maak et al. (2000) reported the characterizations of seven microsatellites developed in Pekin duck. Huang et al. (2001) reported the use of the amplified fragment length polymorphism (AFLP) in a sample of 80 Brown Tsaiya genotypes between selected and control lines. The AFLP markers showed enough polymorphism, as there are several biallelic loci and at least some of them could be co-dominant according to the technique of analysis. They are well adapted for species where the microsatellite map is not yet established. Thus a QTL detection program using AFLP markers was undertaken, in cooperation between Taiwan Livestock Research Institute and Department of Animal Science of National Chung Hsing University, for the new traits of duration of fertility and egg laying traits, using the Brown Tsaiya selected line for increased duration of fertility.
CONCLUSION
Through genetic selection, the genetic parameters of economic traits of waterfowl should be better used to improve growth rate, meat production and higher egg production in geese and ducks, especially in developing countries. In the future, research on breeding and genetic of waterfowl should focus on gene and molecular genetic markers mapping, quantitative trait locus detection, genome analysis and identification of candidate genes for important traits.
